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InsP3 Triggered Calcium Release Events in Mouse Atrial Myocytes
Tamara Horn, Marcel Egger.
In the heart, the dominant mechanism of intracellular Ca2þ release is Ca2þ-
induced Ca2þ release (CICR) via sarcoplasmic reticulum (SR) Ca2þ release
channels (RyR’s). Recently, a second mechanism, Ca2þ release through chan-
nels sensitive to the intracellular second messenger Inositol-1,4,5-trisphosphate
(InsP3) has been described. The contribution and significance of InsP3-induced
Ca2þ release in cardiac excitation-contraction coupling (EC-coupling) is still
a matter of debate. However, recent reports have emphasized the importance
of InsP3 signaling for EC-coupling in atrial myocytes, for excitation transcrip-
tion coupling and embryogenesis. Investigating InsP3 signaling is challenging
because adequately selective pharmacological tools or fluorescent indicators
are not available and the specific activation of highly localized intracellular
InsP3 receptors (InsP3R) is hampered due to experimental inaccessibility. We
are using UV-flash uncaging approaches of caged InsP3 to study the interplay
of InsP3R Ca
2þ release and CICR based on the activation of RyR under whole-
cell conditions. UV-flash photolysis of caged InsP3 was accompanied by an
increase in the number of local Ca2þ release events that show larger FDHM
and/or smaller amplitude. In the presence of InsP3R blocker xestospongin
C the frequency of InsP3 evoked Ca
2þ events was reduced and suggest coexis-
tence of spontaneous SR-Ca2þ release events (Ca2þ sparks) and InsP3 evoked
SR-Ca2þ release events (Ca2þ puffs). In addition, photorelease of InsP3 in PM
loaded cells induced global Ca2þ release events suggesting that InsP3 facilita-
tion of Ca2þ release may be linked to RyR mediated Ca2þ release in atrial cells.
Two-photon excitation photolysis (TPP) of caged InsP3 was used to study InsP3
signaling in a highly targeted way. TPP triggered InsP3-induced Ca
2þ release
exhibiting spatio-temporal characteristics corresponding to elementary Ca2þ
signals, such as Ca2þ waves and Ca2þ ‘‘puffs’’ and seems to be promising tools
for studying InsP3 signaling on the sub-cellular scale. Supported by SNF.
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Effects of Mitochondrial Membrane Depolarization on Cellular Function
in Cardiac Myocytes
Aristide Chikando, Joseph P.Y. Kao, W.J. Lederer.
Mitochondria are the primary sites of ATP generation in heart cells. The volt-
age gradient across the mitochondrial inner membrane (DJmito) is a critical
feature and this in turn is controlled in part by the mitochondria permeability
transition pore (mPTP), whose molecular identity remains elusive. Here we
used used illumination-dependent subcellular mitochondrial depolarization to
investigate cardiac mitochondrial function in cells exposed to low (nM) con-
centrations of the fluorescent mitochondrial reporter tetramethyl rhodamine
methyl ester (TMRM). The relationship between mPTP gating (as measured
by DJmito depolarization) and subcellular myocyte function was examined
in single cardiac myocytes. ROS production was measured using dichlorofluor-
escin (DCF). [Ca2þ]i was measured with intracellular fluo-4. There was a time-
dependent increase in the depolarization of those mitochondria exposed to
visible light but nearby mitochondria in the same cell but kept in the dark
remained normally polarized. Only rarely did the illuminated and depolarized
mitochondria repolarize following the cessation of illumination. We have also
investigated the hypothesis that the illuminated mitochondrial depolarization is
due to a ROS-dependent mechanism. How Ca2þ signaling, ROS, DJmito are
inter-related will be discussed. Additionally the mitochondrial depolarization
dependent actions on other myocyte functions (contraction, [Ca2þ]i transients,
Ca2þ instability, membrane currents) will be discussed.
3017-Pos Board B122
A Comparative Assessment of Fluo Ca2D Indicators in Rat Ventricular
Myocytes
Brian M. Hagen, Liron Boyman, Joseph P.Y. Kao, W. Jonathan Lederer.
Improvements in the fluo series of fluorescent Ca2þ indictors routinely used to
measure cytosolic free Ca2þ concentration ([Ca2þ]i) have increased signal-to-
noise ratio, enabling more quantitative [Ca2þ] measurements. The improved
fluo derivatives show increased cellular loading efficiency, reduced pH sensi-
tivity, and excitation maxima that better match the wavelengths of common la-
sers. Nevertheless, the extent to which these indicators interfere with native
intracellular Ca2þ homeostasis has not been systematically characterized.
Here, we have examined three different fluo derivatives (fluo-2, fluo-3 and
fluo-4) in freshly isolated rat ventricular myocytes. Cells were loaded with
a fluo indicator either by incubation with the acetoxymethyl (AM) ester or
by introducing the Kþ salt of the indicator through a whole-cell pipette (injec-
tion-loaded).
Fluorescence changes in cardiomyocytes were measured using confocal mi-
croscopy during field simulation or current injection. Three significant differ-
ences were identified among the three indicators and two loading methods. 1.Ca2þ kinetics in AM-loaded cells were slower than in injection-loaded cells;
thus the decay of the cardiac [Ca2þ]i transient appeared to be slower. In
AM-loaded cells, fluo-3 reported the fastest response while fluo-2 and fluo-4
gave comparable, slower responses. When injection-loaded as the Kþ salt, all
three indicators reported comparable responses that were faster than any of
the AM-loaded indicators. 2. When AM-loaded, all three indicators showed ap-
parent spatial inhomogeneities in cellular fluorescence, in contrast to injection-
loaded cells. Thus diverse cellular structures appear brighter in AM-loaded
cells than in injection-loaded cells. 3. For each indicator, the calibrated signals
(F/Fo) in the AM-loaded cells were higher than in injection-loaded cells.
We conclude that injection-loaded cells produce more accurate [Ca2þ]i mea-
surements and spatially resolved signals. If AM loading is needed, the use of
fluo-3 would appear to provide more accurate calibrated signals.
3018-Pos Board B123
Impaired Local Calcium Signaling in Primary Cultured Adult Rat
Ventricular Myocytes
Joon-Chul Kim, Min-Jeong Son, Yuhua Li, Suk-Han Jung, Sun-Hee Woo.
Although cultured adult cardiac myocytes have been adopted in studying pro-
tein functions in combination with cell-level genetic modifications, cellular
alterations by culturing itself need to be clarified to understand real function
of the protein genetically altered. We systematically compared contractile
properties, calcium ion (Ca2þ) signaling, transverse (t)-tubules, ryanodine re-
ceptor distributions between freshly isolated and two-days cultured adult rat
ventricular myocytes. Density of t-tubules was remarkably decreased by cul-
ture. In cultured myocytes, cell shortenings were attenuated by ~60% and relax-
ation was slowed. Consistently, magnitudes of action potential-induced Ca2þ
transients were decreased to ~50% and decays of the Ca2þ transients were
retarded by culture. In cultured cells, density of L-type Ca2þ current was re-
duced to ~40% and its inactivation was retarded. The latter is consistent with
smaller Ca2þ transients in cultured group. However, sarcoplasmic reticulum
Ca2þ contents were not different between two groups. To know the mechanism
for smaller Ca2þ transient in cultured cells we examined Ca2þ sparks in these
two groups of cells. The frequency of spontaneous Ca2þ sparks was signifi-
cantly decreased by culturing. The amplitude, duration, and time-to-peak of in-
dividual Ca2þ sparks were not different between the two groups. Mean spark
width was two-fold larger in cultured cells compared with freshly isolated cells.
Quantitative analysis of immunofluorescence revealed shortening of longitudi-
nal spacing between RyR2 clusters, and less dense and disorganized distribu-
tions of RyR2 clusters in cultured cells, which may be related to lower
frequency of sparks in these cells. These results provide evidence on significant
difference in Ca2þ sparks as well as excitation-contraction coupling in primary
cultured adult ventricular myocytes. (This work was supported by National
Research Foundation of Korea grants funded by the Ministry of Education,
Science and Technolgy (2010-0000070).)
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A Caveolin Targeted L-type Calcium Channel Antagonist Inhibits Hyper-
trophic Signaling without Reducing Contractility of Cardiac Myocytes
Catherine A. Makarewich, Hui Gao, Hongyu Zhang, Nathan Correll,
Jeffrey D. Molkentin, Steven R. Houser.
The source of Ca2þ to activate pathological hypertrophy is not thought to in-
volve the [Ca2þ] that activates contraction. We hypothesize that Ca2þ influx
through a subpopulation of L-type Ca2þ channels (CaV1.2; ICa,L) localized in
caveolin (Cav) containing membrane signaling microdomains locally activates
calcium/calmodulin and calcineurin-mediated NFAT nuclear translocation to
induce hypertrophy. Rem-GTPase is known to inhibit CaV1.2 which requires
a membrane association c-terminal. We truncated the c-terminal of Rem
(Rem1-265) which eliminated CaV1.2 inhibition and fused Rem
1-265 to a canon-
ical caveolin binding domain to create Rem1-265-Cav. Results: Adenoviral-
mediated expression of normal Rem in adult feline myocytes almost fully
eliminated ICa,L while non-membrane targeted Rem
1-265 had no significant ef-
fect on ICa,L. Rem
1-265-Cav exhibited a small inhibition (less than 15%) of the
normal ICa,L . Myocytes expressing Rem
1-265-Cav responded normally to iso-
proterenol while those infected with normal Rem failed to respond. Myocytes
infected with normal Rem had markedly reduced fractional shortening (2.4þ/-
0.7% resting cell length) while those infected with the truncated Rem1-265
(7.8þ/-1.8) and Rem1-265-Cav (5.9þ/-1.4) had contractions not significantly
smaller than controls (7.4þ/-2.1). Sucrose density gradient experiments
revealed that Rem1-265-Cav cosedimented with caveolin-3 enriched low-
density fractions. These experiments suggest Rem1-265-Cav inhibits caveolin-
associated CaV1.2. To investigate the effects of our Rem constructs on
NFAT nuclear translocation (hypertrophic signaling) myocytes were also in-
fected with NFAT-GFP. Bath [Ca2þ] was elevated to induce NFAT nuclear
translocation measured by nuclear to cytoplasmic NFAT-GFP ratio. Normal
556a Wednesday, March 9, 2011Rem fully inhibited [Ca2þ]-induced nuclear NFAT translocation and truncated
Rem1-265 had no effect. Rem1-265-Cav inhibited more than 80% of [Ca2þ]-
induced NFAT nuclear translocation. Conclusion: These results suggest that
CaV1.2 within Cav3 signaling microdomains is a major source of hypertrophic
[Ca2þ] signaling and it can be blocked with little or no effect on excitation-
contraction coupling.
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DantroleneRestores AlteredRyR2-MediatedCa Signaling inHeart Failure
Joshua T. Maxwell, Timothy L. Domeier, Lothar A. Blatter.
In heart failure (HF) arrhythmogenic Ca release and chronic [Ca]SR depletion
arise due to altered function of ryanodine receptors. Dantrolene, a therapeautic
agent used to treat malignant hyperthermia associated with mutations of the
type 1 ryanodine receptor (RyR1), is purported to be without effects on the car-
diac type 2 ryanodine receptor (RyR2). However, recent investigations suggest
that dantrolene may correct abnormal RyR2-mediated calcium release associ-
ated with HF. In this investigation, we tested if dantrolene exerts anti-
arrhythmic effects on heart failure ventricular myocytes by examining the
intra-SR Ca threshold for arrhythmogenic Ca waves. Using the low-affinity cal-
cium indicator fluo-5N entrapped in the SR, direct measurement of [Ca]SR
showed that in normal rabbit myocytes dantrolene (1 microM) had no effect
on SR Ca content, the amplitude of action potential induced intra-SR Ca deple-
tions, or on the threshold for spontaneous Ca wave initiation (i.e., the SR Ca
content at which spontaneous waves initiate). Furthermore, in field stimulated
(0.5 Hz and 1.0 Hz) normal cardiomyocytes loaded with indo-1, dantrolene
treatment had no effect on Ca transient amplitude, SR Ca load, or post-rest de-
cay of SR Ca content. In cardiomyocytes from failing rabbit hearts, SR Ca con-
tent and the wave initiation threshold were decreased compared to normal
myocytes. Interestingly, treatment of HF cardiomyocytes with dantrolene re-
stored the SR Ca content and increased the wave initiation threshold. Together,
these data suggest that dantrolene may exert anti-arrhythmic effects in heart
failure cardiomyocytes by increasing the intra-SR Ca threshold at which spon-
taneous Ca waves occur.
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A Stochastic Model of the Ryanodine Receptor Featuring Coupled Gating
and Competitive Binding of Luminal and Cytosolic Ca2D and Mg2D
Johan Hake, William E. Louch, K Haugen, Ivar Sjaastad, Ole M. Sejersted,
Andrew McCulloch, Anushka Michailova, Glenn T. Lines.
During the last fifteen years, a number of computational models of local con-
trol of Ca2þ induced Ca2þ release have been presented. Recently, models for
the activation of the ryanodine receptor (RyR), have been suggested which,
include competitive binding of cytosolic and luminal Ca2þ and Mg2þ. These
models reproduce experimental spark frequency data obtained under different
luminal and cytosolic Ca2þ and Mg2þ concentrations. However, they are
steady-state models which cannot be used to study detailed spark kinetics,
or they have only been used to fit RyR kinetics from bi-layer experiments.
Here we present a stochastic and discrete model of the RyR featuring alloste-
ric activation by competitive binding of luminal and cytosolic Ca2þ and
Mg2þ. The model also includes allosteric coupling between neighboring
RyRs. We couple the model of the RyR with diffusional domains for both
the junctional sarcoplasmic reticulumn and the dyadic cleft using a finite
element model of diffusion. The allosteric coupling is modeled using a sym-
metric free energy approach, which keeps the number free parameters low.
The model is fit to spark data from failing and SHAM-operated mice. The
failing myocytes were aquired from a murine model of congestive heart fail-
ure (CHF). Myocardial infarction was induced by left coronary artery ligation,
and at 10 weeks post-MI, mice exhibited symptoms of CHF. We use the com-
putational model to explore the effect of phosphorylated RyRs in the failing
myocytes.
3022-Pos Board B127
Determinants of the Site of Ca2DWave Initiation in Smooth Muscle
Marnie L. Olson, John G. McCarron.
Many smooth muscle activities including contraction, transcription and apopto-
sis are regulated by inositol 1,4,5-trisphosphate (InsP3)-mediated increases in
cytosolic Ca2þ concentration ([Ca2þ]c). Activation of surface receptors, such
as muscarinic acetylcholine M3 receptors (mAChR3), leads to the production
of InsP3 to evoke Ca
2þ release via receptors (InsP3R) present on sarcoplasmic
reticulum. Ca2þ release usually begins in a single ‘eager’ region and regener-
atively propagates along the length of the cell as a Ca2þ wave. The Ca2þ wave
repeatedly originates at the same ‘eager’ site. We addressed the mechanisms
which determine the Ca2þ wave initiation site. One possibility is that the
‘eager’ site has a higher sensitivity to InsP3 to evoke larger Ca
2þ release.This does not appear to be the case because the site where waves initiated
was not the site of largest Ca2þ release (as determined by local photolysis of
caged InsP3). The expression patterns of mAChR3 and InsP3R may provide
an explanation. Although, there was no apparent regional receptor clustering,
dual labelling of mAChR3 and InsP3R showed some receptor co-localization.
Ca2þ wave initiation site may be determined by regions where the proximity
of mAChR3 and InsP3R generate higher local [InsP3] and [Ca
2þ]c. To explore
this possibility the adaptability of the Ca2þ wave initiation site was examined
by changing the local Ca2þ buffer capacity using the caged Ca2þ buffer diazo-
2. Photolysis of diazo-2, at the site of wave initiation, during agonist application
prevented initiation at this location. Yet, after a time lag the Ca2þ wave initi-
ated at a new ‘eager’ site. These results indicate that the Ca2þ wave initiation
site may be determined by co-localisation of mAChR3 and InsP3R and that the
‘eager’ site is altered when the [Ca2þ]c increase is prevented. Supported by the
Wellcome Trust and British Heart Foundation.
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Sustainable TRPM4 Channel Activity Following Restoration of Cytosolic
Calcium Buffering in Freshly Isolated Cerebral Smooth Muscle Cells
Albert L. Gonzales, Scott Earley.
The melastatin transient receptor potential (TRP) channel TRPM4 is a critical
regulator of smooth muscle membrane potential and arterial tone. Activation of
the channel is Ca2þ-dependent, but prolonged exposures to high intracellular
Ca2þ causes rapid desensitization under conventional whole-cell patch clamp
conditions. Using amphotericin B perforated whole-cell patch clamp electro-
physiology which allows for minimal disruption of cytosolic Ca2þ dynamics,
we recently showed that Ca2þ release from inositol trisphosphate receptors
(IP3R) activate TRPM4 channels, producing Transient Inward Cation Currents
(TICCs). The coupling of IP3R-mediated Ca
2þ-release with activation of
TRPM4 channels has not been fully characterized. We hypothesized that under
conventional whole-cell conditions, loss of intrinsic cytosolic Ca2þ buffering
following cell dialysis contributes to desensitization of TRPM4 channels.
With the Ca2þ buffer ethylene glycol-bis(2-aminoethylether)-N,N,N0,N0-
tetraacetic acid (EGTA, 10mM) included in the pipette solution, we were
able to restore cytosolic Ca2þ buffering and record sustained TICC activity
in freshly isolated cerebral smooth muscle cells. The total open probability
for TICC activity was reduced following the administration of the TRPM4 in-
hibitor 9-phenanthrol and by siRNA-mediated knockdown of TRPM4, strongly
suggesting that TICC activity is mediated through TRPM4. Lower concentra-
tions of EGTA were not sufficient to restore TRPM4 activity. We further exam-
ined the spatial and temporal coupling between Ca2þ released through IP3R and
the activation of TRPM4 channels using the fast Ca2þ buffer bis-ethane-
N,N,N’,N’-tetraacetic acid (BAPTA) in the pipette. This study demonstrates
our ability to restore Ca2þ buffering to physiological levels and allows for fur-
ther examination of the coupling between IP3R and TRPM4 activity in arterial
smooth muscle cells RO1HL091905; F31HL094145-01.Calcium Fluxes, Sparks, & Waves
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Modeling the Mechanisms of Calcium-Mediated Cardiac Arrhythmias
M. Saleet Jafri, W. Jonathan Lederer, George S.B. Williams,
Joseph L. Greenstein, Raimond L. Winslow.
Dysfunction of normal calcium dynamics has been implicated in the genera-
tion of cardiac arrhythmias. It is thought that spontaneous calcium release
events in the myocyte lead to the formation of intracellular calcium waves.
These calcium release events occur through opening of the ryanodine receptors
(RyRs) in the sarcoplasmic reticulum. In order for this to lead to an arrhyth-
mia, these waves need to depolarize the cardiac myocyte in events know as
early afterdepolarizations (EADs) and delayed afterdepolarizations (DADs).
These aberrant depolarizations must spread to adjacent cells in a propagating
wave of depolarization to disrupt the normal pattern of electrical excitation of
the heart. Computational compartmental ventricular myocyte models have
shown that EADs and DADS can be generated by certain conditions consistent
with experiments. We have developed a spatio-temporal computational model
of a chain of cardiac myocytes based on the Jafri-Rice-Winslow model of the
guinea pig ventricular myocyte. The model includes spatial resolution of the
individual myocyte as well as a network of myocytes, calcium dynamics,
and the sarcolemmal electrical activity. We use the model to explore how
factors such as calcium overload, RyR calcium sensitivity, and other factors
affect the generation of calcium waves. Furthermore, we also explore under
what conditions the calcium wave can depolarize the myocyte and induce
